The purpose of this prospective study was to analyze the efficiency of pendulum appliance for distalizing maxillary first molar while decreasing the anchorage loss by banding first and second premolar and making them one unit.
Introduction
O ver the past few years, nonextraction treatment and noncompliance therapies have become more popular in correction of Class II malocclusions. Treatment of Class II cases usually requires distal movement of maxillary molars to achieve Class I molar and canine relationship. [1] In this context, sagittal expansion of the dental arch through distalization of teeth is indicated in patients with a neutro-basal jaw base relationship if the extraction of permanent teeth is to be avoided. All appliances traditionally used for the upper molar distalization have been compliance dependent. [2] Mainly patient concern was about the esthetics the wear time, and success of the appliance was completely dependent on patient cooperation. Compliance problems frequently occurred in the clinical application of these appliances. Hence, an increasing need was recognized in modern orthodontics for the courses of treatment and devices that do not depend on patient cooperation. [3] Among several intraoral distalizing devices, the pendulum appliance can be considered one of the most past and researchers have tried to overcome this major problem by designing new intraoral systems.
The present modification, in the pendulum appliance, is aimed at preventing this negative side effect of mesialization of premolars through the incorporation of a soldered wire on to the banded premolars and thus minimizing the anchor loss. The aim of this prospective study was to evaluate the stability of the appliance, anchor loss, distalization of the maxillary molars, and the movement of the anchoring teeth anterior to maxillary first molars.
Materials and Methods
Ethical approval for the study was obtained from the Institutional Review Board of Himachal Dental College.
The study group consisted of 20 patients with Class II molar relation and moderate space deficiency in maxillary arch as shown in Figures 1-3 
Appliance construction and activation
Maxillary first molars were banded. On the palatal side of the molar bands, lingual sheaths 0.036" attachments were welded, so that 0.032 TMA wire can fit loosely. In addition, both first and second premolars were banded and a maxillary impression was made. A 19-gauge stainless steel wire was soldered on to the banded premolars to make them one unit so that the anchor loss can be minimized and the mesialization of the premolars was prevented. On the model, a wide acrylic Nance button was constructed; it was made away from the teeth to avoid tissue impingement and to allow adequate oral hygiene. For bilateral molar distalization, right and left pendulum springs, formed from 0.032" TMA wire was bent, consisting of a recurved molar insertion wire, a small horizontal loop, a closed helix and a loop for retention in the acrylic button. The intraoral appliance was then cemented with the cementation done at first molar, first and second premolars.
Although springs can be activated intraorally, it is better to preactivate them before appliance cementation. Typically, one-time initial activation was done of 60° springs were bent parallel to the midline of palate this was done with the help of a Weingart plier and then seated into the lingual sheath. This led to little over activation. The patient was seen after every month and if reactivation was needed, spring was removed from the lingual sheath and center of the helix was held with a Weingart plier, and the spring was reactivated by pushing it distally toward the midline. After the first molars were distalized to the desired extend as shown in Figures 4 and 5. A superclass I molar relation was achieved as shown in Figure 6 , then the wire soldered between first and second premolar was cut and second premolar was released from the anchor unit and allowed to drift distally. The conventional Nance appliance was placed in there till the first and second premolars were distalized completely.
Cephalometric analysis
Lateral cephalometric radiographs were taken of all the patients, both before the start of treatment (T1) and at the end of distalization of both molar and premolars (T2). All of the radiographs were obtained through the use of a standardized radiographic technique. A single investigator traced and landmarked all the radiographs using 3H pencil on an acetate sheet of 0.003-inch thickness as shown in Figure 7 .
The pterygoid vertical plane and the Frankfort horizontal plane were used as reference planes for measuring the cephalometric changes. After evaluating all the values, these were then compared between the pretreatment (TI) and posttreatment (T2) cephalograms as shown in Figure 8 . The means and standard deviations of the changes in the various measurements were determined as shown in Figure 9 . Student's t-tests were used to analyze differences between pretreatment and posttreatment cephalometric variables. Superimposition on lateral cephalograms were done as shown in Figures 10 and 11 .
Linear measurements are as follows:

Error of method
For analysis of the interexaminer reliability, 7 randomly selected lateral cephalograms were retraced and were evaluated again by a different examiner with an interval of 1 week. Assessment of inter examiner reliability analysis was performed using kappa statistics. The inter examiner reliability was found to be κ = 0.80-1.00 (P < 0.001) which shows perfect agreement according to Landis and Koch (1977) .
Results
In all the patients, a super Class I molar relationship was achieved using pendulum appliance and crowding was successfully relieved as shown in Figures 12-14 .
The mean period was 3.0 ± 1.8 months. Maxillary first molar was distalized by an average of 4.48 mm also showed a distal tipping of 6°. Second premolar and first premolar also showed distalization by an average of 3.92 and 2.97 mm, respectively. In addition, the amount of anterior displacement shown by the anterior segment was not statistically significant. In the results, it was seen that there was in significant mesial movement of the premolars. After removing the acrylic button, mild-to-moderate soft-tissue irritation was detected on the palatal mucosa, but this was resolved in a few days.
Discussion
One of the significant difficulties in treating patients with Class II molar relationship is the need for distalization of maxillary molars into a Class I relationship. Several methods have been used for distalizing the maxillary molar which includes headgears, Class II elastics, and removable appliances. However, all these techniques require a varying degree of patient compliance. As the noncompliance treatment modalities eliminate the patient cooperation, the search for an appliance that would require minimum patient compliance has moved from the use of repelling magnets, to pendulum appliance.
Pendulum is one of the most compliance independent appliances which has gained widespread acceptance. It was found to be one of the efficient molar distalizing appliance, however, anchor loss and mesialization of the premolar have been one of the major problems. This has provoked many investigators to modify the appliance and minimize the anchor loss. Hence, the objective of the present study was to minimize the anchor loss with pendulum appliance with a modification of soldering a 19-gauge wire on to the banded both first and second premolars.
In the present study when the pretreatment mean value of the upper first molar to pterygoid vertical (U6-PTV) were compared with post treatment value, the difference was found to be 4.48 mm which was statistically significant (P < 0.05) [ Table 1 ]. The mean value of distalization achieved in the present study was greater than that achieved by Byloff and Darendeliler [6] and by Ghosh and Nanda, [7] where both reported it to be 3.4 mm. The reason for more amount of distalization achieved by the present study may be that original form of pendulum appliance was used in these studies in which no special anchorage considerations were used. The distalization in the present study was less than that achieved by Keles and Sayinsu [1] and Kircelli et al. [5] as in both of these studies the distalization achieved was >5.5 mm. The reason for greater amount of distalization may be the use of intraoral bodily molar distalizer and bone anchored pendulum appliance, respectively, in these studies.
In the present study on comparing the difference in the pretreatment and posttreatment values of second premolar (U5-PTV) 3.92 mm and first premolar (U4-PTV) 2.87 mm, statistically significant difference was found between them (P < 0.05) [ Table 1 ]. The present study showed statistically insignificant amount of mesial movement of premolars. The reason for lesser mesial movement of first and second premolars in our study may be due to the soldering of 19-gauge wire on to banded both first and second premolars which had increased the anchorage. The study done by Bussick and McNamara [8] showed 1.8 mm anterior movement of first premolars. In addition, the study done by Ghosh and Nanda [7] noted 2.55 mm mesial movement of the upper first premolars as well as an extrusion of 1.7 mm. The reason for this discrepancy could be that in both of these studies the original form of pendulum appliance was used, which lead to the anchor loss.
One of the potential undesirable effects of pendulum appliance treatment is an excessive distal tipping of the upper first molars. [9] In the present study, the difference in the mean values of distal tipping of maxillary first molar as shown by the angular measurement (U6-FH) recorded before and after distalization was found out to be an average of 8.5°, which was statistically significant (P < 0.05) [ Table 1 ]. The reason for the lesser distal tipping of first molar may be due to the special anchorage considerations taken in the present study. The mean value of distal tipping was 10.6° according to the study conducted by Bussick and McNamara [8] which was found to be greater than the present study. Similarly, a study conducted by Byloff and Darendeliler [6] found distal tipping of 14.5°, which was again found to be greater than the present study. This could be due to the fact that in all these studies the original pendulum appliance was used.
The difference in the mean values [10] of pretreatment and posttreatment linear measurement (U1-PTV) which signifies the protrusion of the central incisor was found out to be 0.2 mm [ Table 1 ] which was not statistically significant (P > 0.05). This showed that there was no significant labial movement of maxillary incisors. The reason for no labial movement of the upper incisors may be due to modification of horizontal vector by soldering a wire on the banded first and second premolar which resulted in increased anchorage in the anterior segment. This was in contrast to the results shown by study done by Keles and Sayinsu [1] which showed maxillary incisors protrusion by 4.7 mm. In addition, it was seen in this study that whether the wire was soldered palatally or bucally the anchorage considerations remained same.
In the present study, the mandibular dentition was relatively stable during the treatment period as the difference in the pretreatment and posttreatment mean values (L6-PTV) was statistically insignificant (P > 0.05) [ Table 1 ]. This is in contrast with the study conducted by Bussick and McNamara, [8] who found the lower molar extrusion to be statistically significant. [11] One of the possible reasons for the extrusion of lower first molars could be due to the use of occlusal rests, which could have acted like a selective bite plane and resulted in extrusion of molars.
The difference in overjet that was calculated before and after distalisation of the maxillary first molar and premolars was found out to be 0.2 mm, which was statistically nonsignificant [12] (P > 0.05) [ Table 1 ]. This showed that there was no increase in overjet during distalization process. The reason for no significant increase in overjet may be due to the modification of soldering a 19-gauge wire on to the banded premolars which was done in the present study. This was in contrast to the results shown in the study done by Keles and Sayinsu [1] which showed 4.1 mm increase in overjet. In addition, the study conducted by Ghosh and Nanda [7] recorded an increase of 1.30 mm in the overjet, the reason for these findings may be the use of original pendulum appliance in these studies which had not considered a special modification for anchorage control.
In the present study, the difference in the mean values of vertical linear measurements recorded before distalization and after distalization of the upper first molar, (U6-FH) was found out to be statistically nonsignificant (P > 0.05) [ Table 1 ].
In addition, no statistically significant difference was found between the mean values of vertical linear measurements of first premolar (U5-FH), second premolar (U4-FH) and maxillary central incisor (U1-FH) recorded before distalization and after distalization (P > 0.05) [ Table 1 ]. The difference in the mean values of pretreatment and posttreatment tipping of the first and second premolars, shown by angular measurements (U4-FH) and (U5-FH), respectively, was found out to be statistically significant (P < 0.05) [ Table 1 ]. The mean value of difference in the angular measurement of second premolar (U5-FH) and first premolar (U4-FH) when compared before distalization and after distalization was 8.4°and 6.0°, respectively. In the present study, both first and second premolars showed distal tipping. In contrast to this, the study done by Bussick and McNamara [8] showed a mesial tipping of 1.5°of premolars. Similarly, another study conducted by Ghosh and Nanda [7] showed a mesial tipping of 1.29° of premolars. The possible reason to this may be the anchorage considerations taken in the present study. In addition, in the present study, the central incisor did not show a statistically significant amount of difference when predistalization and post distalization values of the dental angular measurements (U1-FH) were measured (P > 0.05) [ Table 1 ].
The changes in the soft tissue were relatively insignificant. [13] There was a change in the lower facial height, but that was statistically insignificant (P > 0.05) [ Table 2 ].
Despite the fact that all patients were strictly encouraged to maintain their oral hygiene, some plaque accumulation was evident under the Nance button. However, this condition did not affect the appliance stability. This might be attributed to the dense, thick, and keratinized structure of the attached palatal mucosa. This got resolved uneventfully within few weeks.
Conclusion
The present study shows that the pendulum appliance is an effective and reliable method for distalizing maxillary molars and the most negative side effect of it, the mesialization of premolar and anchor loss can be reduced by furthermore reinforcing the anchor unit by incorporating maximum teeth in appliance, thereby reducing the anchor loss. [14] Financial support and sponsorship Nil.
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